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INTRODUCTION 


I . 


1 tic 


use o : 


ultra thin aluminum foil. XUV filter; 


for rockei 


and satellite applications has been broad enough that a 
certain confidence exists on the part of fabricators and 
users of these delicate components"' that they may be de- 
signed to function as desired for long periods in satel- 
lites. This has been achieved, however, with some 
failures and -considerable learning. 


Such confidence did not exist at the outset of this pro- 
gram with respect to certain filter materials of interest 
in the Atmospheric Explorer series. These materials are 
typical of tin, indium and titanium. Filter foils nominally 
1600 A thick, supported on 70— LPI nickel screen, are 
physically delicate for the rigors of rocket launch and 
are much more susceptible to corrosion than their film- 
on-glass counterparts. This corrosion is known to be 
dominated by moisture in the gaseous environment and is 
evidenced by generating pinholes. Host foils this thin 
have some pinhole leakage, but high humidity can increase 
t-hif le&k.ase b' ir a fact' 11 '* ^ f 10^ in op* 3 d«y. 


Thus this program has been carried out to provide quickly 
the confidence in tin, indium and titanium that usage 
and development have provided over many years for alumi- 
num. In addition to this, Sigmatron’s participation has 
included an advisory capacity with respect to instrument 
design to incorporate experience into filter design. 


II. PROGRAM 


Tests in this laboratory have shown highly beneficial ef- 
fect of alloying a small amount of silicon in aluminum 
foils in increasing the moisture resistance (aging) and 
improving the micro s tructure . 

The problems anticipated with tin, indium and titanium 
could be overcome, possibly, by either the alloying or 
a tandem structure wherein the pure metal film resides 
on a foil of another material. In the tandem solution 
the base foil must have a compatible SUV transmission, 
and the complex transmission is expected to be a product 
of the component layers. 

The particular problems which the alloying or tandem ap- 
proaches would solve vary with each material. At the 
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outset, tin was expected 'to be the least troublesome. 

Tin is a very soft metal., melting at 232°C.; therefore, 
there was some concern, although misplaced, regarding 
strength to endure the, rochet launch stress and thermal 
recrystallisation . These same problems were felt to be 
much more severe in the case of indium, because ot its 
extreme softness - as a metal and the low meltxn-g point ox 
15 6 ° C . Although titanium melts much too high to present 
a thermal problem, thin foils prepared by vacuum deposi- 
tion are noted' for their br ittlenes.s . There was, there- 
fore, some concern regarding the strength of these filter 
foils . 

It was of vital interest to characterize all three with 
respect to aging. The program plan to explore these prob- 
lems and their possible solutions lay in the following 
sequence of investigations and milestones: 

(1) Evaluate the aging and thermal recrystalli- 
zation character of pure’ metal foils. 

(91 Evaluate nossible tandem structure bases. 


(3) Determine the effect of binary alloying on 
the XUV transmission and aging of Sn:Ai 
alloy over the complete range of compositions. 

(4) Use the transmission, aging and recrystalli- 
zation information determined from the alloy 
series to make valued judgment of alloy foils 
which might provide the desired characteristics. 

(5 ) 7T 0 tilio f svcilusticr* tic m 3-lcc v C-lusd 

judgment for tandem foils. 

(6) Fabricate a ltd deliver filters of the best 
materials . 


III. METHOD 


Aging was determined as a parameter of pinhole leakage of 
white light in a sensitive photometer whose lower limit 
of detectability was a transmittance (expressed as the 
fraction of incident light transmitted) of 10“ s and the 
practical upper limit was 10~ 4 . Calibration was achieved 
by neutral density filters, and the accuracy, which was 
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not particularly important in the series, was probably 
±5%, Reproducibility was quite good, being ±5% in re- 
petitive measurements. 

Exposure of pairs of filters to various relative humidi- 
ties was achieved by storing the f'ilters in the water 
vapor in equilibrium with certain chemicals. Humidity 
was determined periodically b} T measuring the dewpoint 
within the container. A 20-percent R.H. ambient was 
provided by controlled concentration of sodium hydroxide 
solution. The 75-percent R.H. ambient was provided by 
a saturated solution of sodium-potassium carbonate. 

Thermal r ecrystallizat io.n was detected via pinhole trans- 
mission by heating a test filter at a rate of 2°C. per 
minute in a position within an oven built into the photo- 
meter. Alloy compositions used in this work were ac- 
curately contro.lled in the preparation of bulk alloys. 

This was usually achieved by melting the components 
sealed in quartz, carbon-lined and evacuated ampoules, 
or vacuum-melting in an alumina crucible. The aluminum- 
titanium alloy was too reactive chemically to be made 
^7 ti h. 0 s £ phh wpc ^ thsrsfcrs 7 f omsd iri p Iecs 

on the evaporation filament prior to the deposition. 

It is recognized that the foil composition does not neces- 
sarily correspond to the composition of the starting 
material because of the differences of vapor pressures 
of the alloy components. A table of pertinent vapor 
pressures compiled and used in this laboratory is pro- 
vided in Appendix I. The technique employed in this 
laboratory provides for a tungsten filament which evapc- 
t c c c f tlis msXtz iricksd f rcn 2 , srs.” 

tively large reservoir of the melt. This ratio is 
estimated to be about '50:1. The filament temperature 
is controlled to provide a constant rate of deposition 
as detected by a quarts microbalance. In a typical alloy 
deposition, therefore, a melt of given alloy composition 
is drawn by surface tension from a reservoir into the' 
evaporating zone, where in the initial stages of evapo- 
ration, fcha vapor is richer in the more volatile component. 


The mole fraction of the less volatile component increases 
in the evaporating zone, becoming a larger fraction of 
the vapor composition until its vapor fraction just equals 
the melt feed composition from the reservoir. This equi- 


libria r 


for all practical purposes, established after 
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£i number of reulcaishnents in the evaporating zona, de- 
pending on the ratio of the vapor pressures at the 
evaporating temperature. This could be a large number 
when the ratio is large, except that the control system 
demands that the evaporation rate be kept constant at 
about 1500 A per second. Wien this added power input, 
the source tends to adapt to the least volatile component, 
and the composition of the film as felt to approximate 
within a few seconds of time. This is considerably 
different from wire-fed E.B. sources, requiring about 
one-half hour for this compositional equilibrium due to 
the large volume of the melt. Wo analytical evidence 
is available supporting this Sigraatron source contention 
at this point in time. 


Foils were all prepared by a process developed at Sigma- 
tron specifically for aluminum foil filters for the ATM 
instruments. This process will ultimately be described 
in detail elsewhere, but it briefly entails cgndensing 
the metal vapor at a deposition rate of 1500 A/sec over 
a film of fluorescein on a 2xllyinch glass substrate, 
and subsequently cementing a fine screen to the metal 
trim while on the sunstrata.. The scr een-i na sm'm-uic 
is released from the substrate in an acetone bath. 
Selected areas of foil are used to make filters. 


IV. RESULTS 

The program at Sigmatron for development has come to an 
end prior to cosprehensive evaluation at GSFC for mecha- 
nical (vibration) durability and XUV transmission of the 
materials. There has been, however, considerable data 
generated on the thermal and moisture resistance (aging) 
effect of the metals and alloys resulting from this pro- 
gram. Below is a summary of that data. Unless indicated 
otherwise, alloys will be considered on a weight— percent 
(w/o) basis. The other compositional basis used is 
atomic percent (a/o) , which is preferred for a binary 
alloy series involving the same two metals. 

A. Aluminum 

The standard 'aluminum 1 foil has derived from past 
developments, in which superior aging and microcrys- 
talline structural characteristics have been found, 
exist in the alloy of 1 -per cent silicon in otherwise 
high-purity aluminum. The base line for comparative 
an:. lysis of other metals and alloys, therefore, will 
be 99.0 ill: Si alloy. Thickness of this and other 
foils discussed are summarized in Table 1. 
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TABLE 1 ■ 


Foil Type 

Thickness 

Angstroms 

Foil T ype 

Thickness 

Angstroms 

O 

9 9 A1 : Si 

' 12413 ' 

9 7 Sn : Au 

1590 

100 Sn 

1600 

97 Sn : Ge 

1700 

97.5 Sn : A1 

1300 

10 0 In 

1700 

95 Sn:Al 

■ 2260 

97 In : A1 . 

2200 

a 7. 5 Sn : A1 

1620 

97 ln:Au 

1170 

75 Sn:Al 

2220 

97 In : Ge 

1300 

50 Sn : A1 

152'0 

i 

99 In : Ti 

1730 

25 Sn : A1 

1450 

96 Al:Ti 

1300 . 

12.5 Sn : A1 

950 

A1/100A Ti** 

1590/100 

2.5 SntAl 

1550 
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Aging of aluninuE, which is shown in Figure 1, is 
negligible at R.H.'s of 25 percent or less. Within 
35 days, the- net change in pinhole transmittance was 
a 4 xlQ -9 increase for a filter stored at less than. 
1-percent R.H., and after 106 days was a 7x10"' in- 
crease. The filter stored at .25-percent R.H. under- 
went a zero change after 35 days' exposure and increased 
1::10 ~ 3 after 106 days. Such changes are phot.ometr i~ 
cally accurate but insignificant. 

At an R.H. of 75 percent, 99.0 Al:Si shows a typical 
aging curve for foils which depend on an oxide layer 
for protection from corrosion. This consists of an 
induction period during Which there is little change, 
followed by nearly stepwise increases in pinhole 
transmittance. It is felt that a weakness is de- 
veloped during the induction period which then gives 
way . Attack is at vulnerable points such as existing 
pinholes, and thus frequently the transmittance often 
decreased in the early stages of exposure due to fill- 
in of pinholes by the corrosive product. Following 

onB“dsr.fi qq n ^ n ?■ 3 ^ ^ sti f 1 7 0 *■*„ r 00 or»d ^ — 

decade increase occurred at 47 days. These, coupled 
vxith the drift, resulted in an increased transmittance 
of about 3xl0~ 5 . 

Thernal recrystallization test of this aluminum alloy 
shows less than 10~ 3 change in transmission up to the 
limit of the oven at 300*0 . The temperature excursion 
was of two hours' duration. On cooling, however, con- 
siderable pinhole leakage developed due to differen- 
tial chernal expansiozz, wherein the foil-screen material 
was cooler than the frame, and thereby stretched. It 
is estimated that the temperature of an aluminum or 
magnesium filter frame should not be more than 35°C. 
greater than the foil when the foil i's near room tem- 
perature or more than 15°C. when the foil is near 
100°C . This data is shown in Curve I of Figure 2. 

Conclusion here is that 25 percent or lower R.H. is 
quite acceptable for 99.0 Al:Si filters for a mini- 
mum of three months. Exposure to 75-percent R.H, for 
oven a few days is to be avoided. 

B. Tin Type Filter 

j . ?u r a Tin 

Hi.gh-puci.ty tin (4H Min.) foil shows aging 
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Characteristics, illustrated in Figure 3, indi- 
cating extreme sensitivity to moisture. At R.H. 
less than 1 percent (desiccated), the data shows 
an increase in transmittance of 3xl0~ s after 35 
days, with no further change out to 106 days. 

At 25-percent R.H. one filter -increased transmit- 
tance by I0~ 4 in 2'2 days but .it is felt that this 
was not r apr.es, entat ive of pure tin. A second fil- 
ter at that same R.H. is also graphed showing an 
increase of 5xl0~ 7 at 35 days and 6xl0“ 7 at 106 days. 
At the higher humidity, pure tin increased by 10 -4 
in five days. The companion filter, not graphed, 
increased by that amount in six days, demonstrating 
that the rapid aging of .pure tin foil is real. 


The effect of the temperature on pinhole transmit- 
tance of pure tin is shown in Curve II of Figure 
2. Up to 2 00 ° C . , no pinhole degradation of pure 
tin is observed. At higher temperatures, some in- 
crease is observed and it must be assumed that 
-long exposure in this range up to the melting point 
would have a degenerative effect. 


Although the melt- 


Itl- 


-ocxn , 


^ r 17 „ . 


;tal size. 


employed here is not accurate enough to detect any 
lowering due to the 0.1-y crystal size. The melt- 
ing point of tin is 232°C. Catastrophic pinhole 
transmission occurred at 235 °C, but interestingly, 
to the unaided eye, there was no apparent damage. 
Under the microscope it was clear that melting had 
taken pla.ee, and surface tension had drawn the metal 
into a fernlike structure within the intact oxide 
layer. Pinhole transmittance was estimated to be 
about 10~ 2 . 


The XUV transmittance of pure tin is shown in Figure 
4. The data indicates that the transmission is 
comparable to results obtained on Signatron filters 
measured elsewhere. 


2 . Tin: Aluminum Alloys 

The binary phase diagram for the aluminum-tin system 
is given in Appendix II. It shows no inter-metallic 
compounds and an infinite mutual solubility. In 
spitv t f this, the 50 atomic percent (a/o) alloy 
transmitted an estimated 10“ 3 in the red. This 
characteristic is usually associated with 
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in tar— me tall ic compounds. The alloys with comp- 
ositions 25 a/o, and 75 a/o did not possess thzs 
feature. 


The aging characteristics' of the alloys, in gen- 
eral, showed increasing sensitivity to moisture 
wich increasing aluminum content. Alloys were 
made with the compositions 97.5 a/o Sn : A1 , 95 
a/o Sn : A1 , 87.5 a/o Sn:Al, 75 a/o Sn:Al, 50 a/o 
Sn:Al, 25 a/o Sn:Al, 12.5 a/o Sn:Al and 2.5 a/o 
Sn : A1 . Of these alloys, the last three were so 
reactive toward moisture that they could not be 
made in a quality satisfactory for aging tests. 

The 50 a/o Sn:Al alloy transmitted too strongly 
in the red to qualify, and thus no data is offered 
on these four. The aging curves for the remainder 
are shown in Figures 5, 6, 7, 8 and 9 , and are 
discussed here in the aggregate. 


It is a point of convincing evidence that a R.K. 
of 25 percent or lower was not degrading tc any 
of these chemically active alloys when tested out 
to an exposure of 100 days. The greatest net 
change observed in 35 days was less than 3x10 , 

which occurred in the relatively poor filter spec-' 
imen available from the 75 a/o Sn:Al foil. Exoosed 


filters reached the termi- 


to the 75-percent R.H., 

nal transmittance of lO” 4 in one day to three weeks. 


Thermal recrystallization tes 
characterised by Curve III of 


ts on these 

V-‘ <7 


alloys are 


transmission increases slightly at temperatures 
above 60°C., followed by catastrophic destruction 
considerably below the incipient melting point of 
228. 3°C, Within the scope of this program, it was 
not possible to accurately determine the cause of 
this effect, but it is believed to be due to in- 
creased chemical reactivity toward the atmospheric 
moisture present during these tests. This is qual- 
itatively substantiated by the observance that the 
alloys lower in aluminum content tended to degenerate 
more like pure tin. 


The XUV transmission of this series 
portent :.*av c lengths 740 A a -ad 5 C-' 1 A 
men sn :: c:r.en t s from CSFC and snow rac 
and remarkable results. A graph of 
rected for thickness and uncorrecte 


at the two itn- 
nrc provided by 
h e v uu p radio £ ;C 
the data uncor - 
d for .80 transmit- 
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tance screen is shown in Figure 10. It would seen 
that when both tin and aluminum have appreciable 
transmission at these wavelengths as pure metal, 
that baring any in tar-metallic compounds , their 
alloys should have corresponding transmissions with- 
out maxima and minima in the series. The data is 
not considered definitive, since it is believed 
that the transmission is effected by an oxide layer 
to the po-int that thickness corrections have meaning- 
less effect. Individual foils are uniform but^the 
series range in thickness from 1500 1 to 2260 A. 

Actual thicknesses are provided in Table 1. More 
XUV transmission data, revealing the effect of 
alloying on the shape of the curve, is shown in 
Figure 4. The upper transmission curve is repre- 
sentative of pure tin and the lower is representative 
of 95 a/o 5 r:A 1, Treating the foil as a true alloy, 
one can estimate, based on the electron plasma density, 
that the onset of transmission should shift from the 
pure tin value of 886 A to 880 A for 95 Sn:Al alloy. 

X £ qo gTp g « « v >, rlC C ^ ^ ^ £ q o V* i* *? 2 

least 50 A. Treating the alloy foil as a layer tandem 
type foil which calculations show to be approximately 
equivalent to an 80 A aluminum layer over a 2130 A 
tin layer, the peak transmittance of tha-ailoy at the 
534'A radiation wavelength should be 0.23. Instead, 
the transmit tance is measured to be considerably 
below this at 0.11. 


s t 


It can be argued that the discrepancy between the an- 
ticipstsd XUV £ 2 T 2.11 smi. s s 1. on o £ 2 .H slloy £tnd tills 

real transmission in this case is due to the strong 
tendency to oxidize. Although this is certainly a 
factor, the evidence of a minimum transmission in 
Figure 10 indicates some unrecognised relationship of 
metals in alloys or need for shoring-up the plasma 
density theory. In any case, the conclusion drawn 
in this laboratory, useful in the remainder of this 
work, is that constraints on alloying for improving 
structural quality of foils can be based on chemical 
and strutural bases without concern for effect on XUV 
transmission. Such conclusion is ncceptihle as long 
as thr rlloy is composed principally of one metal with 
a few percent of the minor constituent. 
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3. Tin. : Gold 

On the basis that a principally tin alloy would be 
chemically inactive alloyed with gold, the 97 Sn^-.u 
alloy was prepared in foil filters and tested, me 
phase diagram for this binary system is gxven in 
Appendix II. 

At low humidities, 25-percent R.H. or lass, no de- 
gradation of the test filters was detected. At the 
75-percent R.H., surprisingly, the sensitivity to 
moisture aging was greater than pure tin or some of 
the tin-aluminum alloys. Aging data ror tins al_oy 
is shown in Figure II. Thermal r eerystallxzatxon 
of this alloy resulted in pinhole transmission de 
gradation similar to Curve II of Figure 2. except 
that the onset of leakage was about 100 C . and the 
catastrophic temperature was 215 C. instead of 2 j 2 C 
of pure tin. This is consistent with tne 217 0. xn- 
dicated in the phase diagram. Ko XIIV transmission 
is available. 

Conclusion from these tests is that there xs^no 
benefit to alloying small amounts of gold vich tin 
to improve either the aging of tin type foxls or 
suppress thermal recrystallization. 


4 . Tin : Germanium 

The alloy 97 Sn:Ce is believed to represent a new 
standard for tin filters with respect to moisture 

. 1 _ "L. « 1 1 TT TT-1 TI* "1 1 1 < 


agxng . 


Data are presented on this alloy in 

. . /N f ... T» IT 


igura 


ai. ^ -r “ 

12. At the low humidities, 25-percent R.K. or less, 
basically no net degradation due to increased pinhole 
transmittance over a period of 35 days. At high 
humidity, 75-percent R.H., the pinhole leakage over 
the same period increased by 2x10 . The companion 

filter increased slightly more. At 54 days thxs 
alloy compares favorably -with the alumxnum. These 
would probably have been lower if a better quality of 
foil had resulted from this initial effort. It is 
appropriate to point out that pure tin increased in 


tr ansrcit taxice by 10 in five days at 


the high humidity. 
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The phase diagram for this binary is provided in 
Appendix II and shows an infinite mutual solubility 
with no internetallics.. There -is no freezing point 
depression, and iiicipient malting temperature for 
alloys is tha same as the melting point of pure tin. 
This is confirmed for this alloy, 'wi'th the fo.il. 
catastrophic temperature being measured at 233°C. 
Interestingly, zero change in pinhole transmittance 
is decec-ted until melting. This indicates a struct- 
ural stabilization of the tin by the germanium. 


The XUV transmission, corrected for screen opacity 
and shown in Figire 4, indicates a slightly lower 
transmission when compared to the pure metal. The 
conclusion reached from these tests is that 97 Sn:Ge 
alloy in foils presents superior structural features 
and resistance to moisture aging over pure tin, with 
very little loss in XUV transmission. 


C. Indium Type Filter 
1. Pure Indium" 


High-pur ity indium (5N) in foil form shows a resist- 
ance to moisture aging very similar to that described 
above for the 99 AX : S i alloy, except that it is 
slightly more reactive. Curves for these tests are 
shown in Figure 13. At 25-percent R.H. and lower, 
pinhole transmittances increased by 5xlO~ s or less in 
the test filters over 35 days’ exposure with no change 
thereafter out to 106 dsvs. At high humidi.ty. one oure 
indium test filter increased 10 in 100 days, and the 
companion test filter reached the same in 43 days. 

Pinhole transmittance as a consequence of thermal re- 
crystallization of pure indium is shown in Curve IV of 
Figure 2. This indicates a tendency of ultrathin foils 
of indium to recrystallize at temperatures above 100°C. 
The temperature of complete degeneration agrees within 
the accuracy of the measurements with the melting point 
of that metal. 

Conc'ur iona drawn from these tests are that pure indium 
foil shows good aging characteristics with respect to 
moisture but has a poor resistance to thermal recrystal- 
lization. The temperature limit is about 100°C. 
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2 . Indium : Gol.d 

Tfca phase diagram for the Indium-gold system is 
included f.o.r reference in Appendix, II. The aging, 
characteristics of the alloy 9.7 Sn :,Au is shown, in 
Figure 14. No significant- moisture degradation at 
lor? humidity is observed out to 5 7 days; any change 
being less than 3xl0 -s . At high humidity, a trans- 
mittance' of 10 -1 * was reached in 15 days, and the 
companion filter was similarly degraded in five days. 

Thermal recrystallization degradation characteristic 
is similar to pure indium shown as Curve IV of Figure 
2. Catastrophic loss occurred near the melting 
point of indium. 

It may be concluded that this alloy is inferior to 
pure indium with respect to moisture aging and no 
improvement with regards to thermal degradation. 

3 • .L 11 d -L il lit • iU, 1 £I,U Hi 

The phase diagram for the indium- aluminum system is 
shown in Appendix II. Aging characteristics are 
shown in Figure 15. Foil made with the 97 In : A1 
alloy ware of remarkably high pinhole quality for 
Indium. This material In ultrathin foils, however, 
appears, to be vary moisture-sensitive, similar to the 
comparable- r in- aluminum alloy. There is no apparent 
problem at low humidities, but at 75-percent R..H. an 
'increase of 10~' i In the ■pinhoie transmittance occurs 
in one day. The companion test filter gave the same 
r e s u It .- 


Thermal r.ecrystallization of this alloy is approxi- 
mated in character by Curve IV of Figure 2, with 
catas bro-phie increase in pinhole transmission occur- 
ring at a temperature approximating the melting point 
of pure indium. 

4. Indium : Germanium 


The phc.se diagram for the indium-germanium system, 
shown in Appendix II, is very similar to the tin- 
germanium. system. As the aging curve lor 97 In:Ge 
presented in Figure 16 shows, germanium does not 


the same effect on indium that it has on cin. 
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At low humidity again , there is nc significant 
aging effect. At the higher humidity of 75% R . H . , 
a transmittance of 10~ 4 is reached after 15 days' 
exposure in the filter graphed, and 24 days for 
the companion filter, whereas it was l'OO days for 
pure indium. 

Degradation by thermal recrystallization was the 
same as that observed for -indium and its alloys 
above; and long exposure to temperatures 100°G. and 
above can be expected to result in. increased pin- 
hole leakage. 

It may be concluded that no significant improve- 
ment in temperature or moisture resistance is offered 
by the 97 !n:Gs alloy, as compared to pure indium. 

5. Indium : Titanium 


The phase diagram for the indium-titanium system is 
At- 7 ^ in aa ^ v tt A-p ?..13 o’ T si 1 i. 1 1 1 ? i. 0, r s rr iL ci ** 

in the minor component "than tised in other alloys was 
chosen to minimize an anticipated high chemical re- 
activity. The 59 ln:Ti alloy was selected for that 
reason, and to keep the melting point low for form- 
ation of the bulk alloy. 


Although this alloy turned out to be remarkable 
thermally, the aging characteristics are typical of 
the other indium alloys, as shown in Figure 17. At 
low humidity , no . sigmf leant moisture aging was de- 
tected. The net change after 35 days at 25% R.H. was 
less than 2x10 . At 75% R.H., the pinhole transmit- 

tance increased 10” 4 in 15 days; the companion test 
filter increased that amount in 23 days. 


The remarkable feature of the foil of this alloy lies 
in the -recrystallization characteristic. Curve V of 
Figure 2 illustrates this feature, which shows a strong 
resistance to pinhole leakage due to thermal recrystal- 
lization right up to the melting point. One can expect 
increased resistance to elevated temperature of this 
alloy over pure indium or any of its alloys tested. 

This curve also illustrates that something happens at 1 
the malting point to further stabilize the filter such 
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that catastrophic degradation was not reachad 
even at 30G°C., whereas incipient malting point 
is 15 7 0 C . One must conclude that this filter is 
thus a liquid metal retained by two oxide films. 


The XUV transmissions for the 99 In:Ti alloy and 
a Sigmatron pure indium foil are shown in Figure 
18. As anticipated, the alloy transmission is 
everywhere some fraction of the pure metal. At 
the 770 a wavelength transmission peak, the re- 
duction is accountable on a thickness basis since 
the absorption coefficient is 1.55xl0~ 5 /cm for 
both materials. The calculated contributing 
thickness of titanium in a 1730$. thick 99 In:Ti 
foil is about 30l. Considering a worst case 
situation, a tandem or layered foil would have a 
series transmittance, assuming 
efficient for titanium of 5x10 
compared to the 0.063 measured 
titanium is truly there and if 


an absorption co~ 

3 /cm, of about 0.061 
Thus if the 1 % 

XUV measurements are 


' I O J 




significantly -a small ad- - 

element is demonstrated less absorbing to the XUV 
in solution with the major component than could be 
expected when present as a separate phase. 


One may conclude that the structural stabalisation 
of indium with a small amount of titanium is bene- 
ficial for applications requiring long' term reliabil- 
ity. This is accomplished without loss of XUV trans- 
mission but is unfortunately accompanied by an in- 
creased moisture sensitivity. It does, however, 
represent a reasonable price to pay since. the problem 
is transferred from a space environment control to 
atmospheric control. 


D. Titanium Type Filter 

1 . Pure Titanium - Parylene ’hi* Base 


One concept for ’pure* titanium XUV filters was to 
receive a film of this material on a thin foil of 
some other material such as Parylene ’N 1 or alumi- 
num. Parylene ’C 1 has been previously evaluated 
elsewhere, but that material contains chlorine 
thought to be undesirable. Parylene ’N* foil, 
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approximately 750A thick, was obtained from Union 
Carbide Corporation, from whom it is available at 
their Bound Brook labor.atory . Filters prepared on 
SO-percent transmitting screen were measured for 
XUV transmission at GSFC. The measurements cor- 
rected for screen transmission and reduced to ab- 
sorption coefficients are provided in Table 2. 

This material was found to be unsuitable as a 
base for tandem filters for any of the metals of ^ 
interest here cn the basis that Parylene J K ? 750 a 
thick is strongly absorbing over the UV , except o 
for an apparent peak of about 20 percent at 1600 a. 

2. Pure Titanium - Aluminum Base 


The peak transmission for titanium is 
400-A wavelength. Transmission of Si 
1500-A, 99 Al/Si filters is about 30 
this wavelength, and therefore offers 
suitable tandem foil base. To achiev 

O 

transmission approximating of a 525A- 

•c„.JT _ ion 1, -s 1- 1 *- -? - 1 - r- ■* 

O A. cl W. i.%. iujf Ut O J. I L L ci Xi. -I. -U- 


at about the 
gmatr on 1 s 
percent at 
a reasonably 
e a series 
thick titanium 
over the alum- 


inum is required. This was achieved wherein a con- 
ventional aluminum film received 100A of titanium 
evaporated from a tungsten filament. — 


The AJ /100A Ti test filters were completed too late 
in the program to have resulted in extensive aging 
data, but that which is available at this writing 
is shown in Figure 19. At low humidity', the test 
filters of this material graphed seem to change in 
a manner which could become significant within 100 
days but the perturbarior. does not appear to be real 
and xaay be disregarded. The companion filters ex- 
posed to 25-percent R.K. and lower have shown none 
of this in.stability. The high-humidity tests indi- 
cate an aging characteristic similar to the 99 Al:Si 
foils. 


Ko thermal degradation tests were performed on the 
A1/100A Ti test filters since the melting point of 
these elements and their alloys are beyond the range 
of the photometer oven. 


33 . 










Any conclusion regarding this type of filter 
is difficult at the .present time. Certain 
suspicions regarding atomic dif.fusion between 
the two layers are difficult -to allay when 
long-tern stability is important. Then, too, 
with only 100A of titanium exposed on one side 
of the aluminum, at least 50A can be expected 
to oxidize before- a protective layer has formed. 
Thus, this approach to a titanium type filter 


for satellite applications m 
as needing further proof or 
resort solution. This could 
mission data , which should be 
this purpose, demonstrates s 

3 . Pure Titanium Foil 

As a result of some of the m 
paration work with titanium 
developed for deposition of 
deposit metal permitted prep 
(Commercial Grade 2K5). Hit 
the one foil prepared was on 
this was pinhole-free, it wa 
light. With that problem, i 
the photometer for moisture 
dation experiments. Thereto 
features are available. 

Conclusions regarding pure t 
subjective considerations du 
aging data. A reversal of o 
outset of this program with 
of ultrathin titanium alloys 
clear what the XUV transmiss 

O 

our opinion that a 1600A tit 
to the visible, could be mad 
(white light transmittance 1 
be structurally sound for la 
aging ought to be at least a 
but should be checked due to 
of titanium. Also, the XUV 
checKeu with aging for the s 


ust be evaluated 
to represent a last- 
change if XUV trans- 
very sensitive for 
tability . 


ore or less des- 
depositions, techniques 
that dif f icul t-to- 
aration or pure metal foil 
hin the time available 
ly lOOOH thick. Although 
s not opaque to visible 
t was out of range of 
aging or thermal degra- 
re, no data on those 

itanium are based on 
e to the lack of XUV and 
pinion existing at the 
respect to the strength 
is in order. It is not 
ion would be, but it is 
anium foil would be opaque 
e in reasonable quality 
ess than 10 -7 ) and would 
unch environment. Moisture 
quivaient ' to pure indium 
the high chemical reactivity 
transmission should be 
ame reason. 
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4 , Aluminum; Titanium 

The phase diagram for the aluininuia-t.it an ium system 
is shoun in Appendix IX. The_alloy selected for a 
titanium type filter is based on 96A1/T1, which in 
a 1800A foil is equivalent to approximately 45A of 
titanium. An alloy somewhat richer in titanium 
night have been selected; however, the experience 
gained from the aluminum-tin series tended to discount 
success with alloys with more than a few percent of 
any minor component. In retrospect, any alloy should 
have been primarily titanium with a few percent of 
some other element. This possibility did not present 
itself until some of the work above, undertaken after 
the 96 Al/Ti alloy work, was completed. 

Moisture aging of the 96 Al/Ti filters is shown in 
Figure 20. This demonstrates that this material is 
not subject to pinhole degradation at low humidities. 
In high-humidity, this alloy appears to be very 

C OT|it) cirflh ^ a f* O f b ? rr-? -nr> Q ^ on/4 ° f t 

57 day exoosure the transmittance had increased 2.7x 
10“ . The companion filter increased 1.7x10 

No thermal degradation tests were performed on this 
alloy. 


The XUV transmission for this alloy Is s 
21 and compared there with similar data 
99 Al:Si alloy. Considering that the ti 
is tn acker it an ths silicon alloy sbsorp 
efficients at 304A wavelength for these 
and 6 . 1x10 ^ / cm respectively. Whether or 
values are accurate is not significant, 
portant is that even though the alloy da 
band pass of pure titamium, from on.set t 
there appears to he no strong departure 
pure aluminum transmission . 


nown xn figure 
for the 
tanium alloy 
Cion co- 
are 5.1x10 4 /cm 
not these 
What is la- 
ta spans the 
o x-ray edge, 
from essential; 


One may conclude that this alloy results in a foil which, 
f r om the standpoint of mo Is tur e aging , is rather 
superior. It does not, however, offer useful XUV trans- 
mis si or for a titanium type filter. 
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V. 


SUMMARY 


It is felt that this work has added considerably 
to guidance in the problens associated with long- 
term reliance on ul-trathin foil filters, particu- 
larly for satellite applications. In the atmosphere, 
one important problem is moisture degradation. In 
orbit, a major concern is thermal degradation. 

Increasing the options for materials with suitable 
XUV band pass by alloying appears to be limited in 
scope but offer considerable merit. 


Tin and aluminum have no intermetallic compounds 
and have fair transmissions individually at the 
584A and 740l wavelengths , but it must be con- 
sidered surprising that their binary alloy 75 a/o 
tin 25 a/o aluminum has by comparison essentially 
no transmission. Compositions on each side of the 
minimum have transmission monotonically increasing 
to the pure metax values. in this system, it ap- 
pears that the pure metal transmission curve is not 
shifted by alloying, but perhaps uniformly suppressed, 
until at some mid-series composition is .essentially 
zero. With further additions of the ad metal, the 
suppressed but unshifted transmission characteristics 
of that natal appear. This must be a tentative view, 
since more complete transmission data will be re- 
quired for a firm conclusion. 


sma.L. 


.11, 

o. .v J- v 
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strong effect on the degrading effect of moisture and 
temperature. Wherein it was discovered that pure tin 
in ultrathin foil form is highly susceptible to 
moisture, alloying with a small amount of germanium 
provides a very satisfactory moisture resistance. On 
the other hand, all materials, pure metals and alloys, 
are sufficiently safe from degradation if exposed to 
environments of 25% R.H. or less. 


Alloys are catastrophically degraded at the temperature 
of incipient melting. Pure metals develop increased 
p inhole transmittance by r eery s tall iz at ion below their 
melting points. Alloying with a few percent of another 
net 2,1 retards that recrystallization and results in an 
increased thermal stability. 
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Anomalous thermal behavior- of an alloy of indium 
with a snail- amount of titanium was ob.sarved wher in- 
catastrophic loss did not occur at temperature's 
100°G above the melting point of the indium. This 
may be accounted for by- assuming that the indium was 
molten between two oxide layers. 
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